Polystyrene (PS) nanoparticles were prepared via a nanoprecipitation process. The influence of the pH of the buffer solution used during the immobilization process on the loading of Candida antarctica lipase B (Cal-B) and on the hydrolytic activity (hydrolysis of p-nitrophenyl acetate) of the immobilized Cal-B was studied. The pH of the buffer solution has no influence on enzyme loading, while immobilized enzyme activity is very dependent on the pH of adsorption. Cal-B immobilized on polystyrene nanoparticles in buffer solution pH 6.8 performed higher hydrolytic activity than crude enzyme powder and Novozyme 435.
Introduction
Among lipases, Cal-B is one of the most recognized biocatalysts because of its high degree of selectivity in a broad range of synthetic applications of industrial importance, including kinetic resolutions, aminolysis, esterification and transesterification. [1] [2] [3] By enzyme immobilization, catalysts can be developed with significant advantages relative to free enzyme. [4] [5] [6] [7] [8] Many literature reports describe the high utility of immobilized Cal-B for chemical transformations of low molar mass compounds, [9, 10] and polymerization reactions. [11, 12, 13] Adsorption of an enzyme onto a surface can induce conformational changes which affect the rate and specificity of the catalyst. [14] Therefore, immobilization research has largely focused on matrix selection and on optimizing immobilization conditions. [15] [16] [17] [18] For example, work has addressed support surface hydrophobicity/hydrophobocity [19, 20, 21] and 3 enzyme solution pH. [17, 22, 23] These parameters have large influence on the total amount of enzyme loading and enzyme-catalyst activity. [24, 25] Hydrophobic binding of lipases by adsorption has proved successful due to its affinity for water/oil interfaces. Thus, the present work deals with the synthesis of PS nanoparticles and their use as a support for the immobilization of Cal-B. The effect of the pH of the immobilization solution on lipase loading as well as the hydrolytic activity of the corresponding preparation was studied, and the results were compared to the crude enzyme powder and commercially available preparation, Novozyme 435.
Experimental Part Materials
Cal-B in the form of a dried powder was purchased from Codexis ® (Pasadena, CA, USA). Novozyme 435 (consists of 20 % w/w of Cal-B) [26] was provided by Novozymes 
Synthesis of Polystyrene Nanoparticles
PS nanoparticles were prepared by a nanoprecipitation process. Technology GmbH).
The shape of the nanoparticles was observed using a scanning electron microscope (JEOL TSM 6320F) operating at 3 kV. The samples were made conductive by evaporating a layer of 2 nm Platinum/Palladium alloy onto the surface.
Enzyme Immobilization by Physical Adsorption
Enzyme support, polystyrene nanoparticles (40 mg), was placed in 4 mL capped vials.
The vials were filled with 2.5 ml of an enzymatic solution 4.0 mg/ml in 100 mM PBS buffer (pH 5.0, 6.8, 8.0, 9.5 and 11.5). All the vials were rotated for 24 hours at 30 °C .
The suspension was centrifuged and the mother liquor was removed from each vial. The solid was washed with adequate PBS buffer and distilled water, centrifuged and the liquid removed. This procedure was repeated until no protein was detectable any more in the washing solution. The mother liquor and the resulted washing solutions were collected and using the bicinchoninic acid (BCA) protein assay, the amount of enzyme that is immobilized could be estimated. The resulting nanoparticles with immobilized Cal-B
were freeze dried for 48 hours and then used for hydrolytic activity tests. 
Results and Discussion
Polystyrene (PS) nanoparticles were prepared via a nanoprecipitation process. The scanning electron microscopy (SEM) micrographs (Figure 1 ) illustrate the spherical shape of nanoparticles.
The hydrophobic nature of the polystyrene nanoparticles used as support implies that the enzyme adsorption is governed by the hydrophobic interactions. [28] Therefore, those interactions should not be affected by changes in the pH adsorption. On the other hand, if electrostatic forces are important, changes over the isoelectric point of lipase will have a large impact on the binding constants. [29, 30] The data shown in Table 1 suggest no important differences in the amount of bound protein for the different values of pH studied. Hence, these results are clear evidence to 6 support the hypothesis that hydrophobic interactions are the driving force of the immobilization process.
Commercially available polystyrene resins were used for Cal-B adsorption by Gross et al. [31, 32] Enzyme loadings varied between 5.1 and 8.7 μg/mg, that is around thirtyfold less than our obtained results for enzyme loading (comparison might be inappropriate, since the commercially polystyrene particle diameters range from 35 to 710 μm, that is much bigger than polystyrene nanoparticles we used for our studies).
Nevertheless, the pH of the buffer of the lipase solution affects the activity of the immobilized biocatalyst significantly, as can be observed in Figure 2 . The highest enzyme activity was obtained when adsorption was conducted near the enzyme isoelectric point (pI 6.0). [33] It suggests that the enzyme is immobilized in its active configuration at this pH. Similar results were obtained by other authors [34, 35] during the binding step. [36] Inhibiting lipase activity by increasing the pH values is probably due to an unfavorable charge distribution on the amino acid residues, that produces a further activity decrease. [24] Since the highest hydrolytic activity was observed when lipase adsorption was conducted at pH 6.8, all other steps of this work were carried out under these conditions.
Hydrolytic activity assay was also performed for crude enzyme powder and commercially available Novozyme 435 (0.772 mg of Cal-B was used) and results were compared with the activity obtained for Cal-B immobilized on polystyrene nanoparticles. [37]
Conclusion
Cal-B was successfully immobilized on polystyrene nanoparticles synthesized by nanoprecipitation.
Although the amount of Cal-B adsorbed to polystyrene nanoparticles was independent of the pH of adsorption, indicating that hydrophobic interactions were the driving force of the immobilization process, immobilized enzyme activity was dependent on the pH of adsorption. The highest activity was obtained when lipase adsorption was conducted near the enzyme isoelectric point (pI 6.0), due to a favorable charge distribution on the amino acid residues, which prevented a possible change of enzyme conformation.
The hydrolysis reaction of pNPA in organic media by the immobilized enzyme were assayed and compared with those of the free enzyme and Novozyme 435. The activity of the enzyme was improved with immobilization on polystyrene nanoparticles.
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